Hearing impairment is a problem faced by many people, mostly the elderly population but occurs even in newborns. Experimental tests performed on patients give information of the level of hearing impairment and the place where the problem is located. In order to understand process of hearing and hearing impairments it would be very useful to have a look inside, but it is not possible with any experimental equipment. However, it is possible to make a virtual look inside human auditory system by development of numerical model. Using data obtained by experimental research it is possible to make sufficiently detailed model and use it to gain new knowledge that can help in understanding of hearing process and problems with hearing. In this paper one such model will be presented. The model contains mechanical and fluid elements of the middle and inner ear.
Introduction
There are several parts in human hearing system. The first part is ear with external auditory canal. By this canal sounds from environment can come into hearing system. At the end of external auditory canal, tympanic membrane is placed. That membrane vibrates under acoustic excitation. After that, there is middle ear in which are placed three small bones: malleus, incus and stapes. Those three bones transmit vibrations from tympanic membrane into inner ear. Next to the middle ear is the inner ear with cochlea -bony structure with shape like snail shell. Inside cochlea there are three fluid chambers: scala tympani, scala media and scala vestibuli. Scala tympani and scala vestibuli are coupled at the apex of the cochlea. Between these two chambers, scala media is placed. In scala media there are also several parts: basilar membrane, Reissner's membrane, organ of Corti with outer and inner hair cells. Vibrations which come from tympanic membrane and which are transmited by inner ear ossicles produce oscillations of the basilar membrane. These oscillations organ of Corti, outer and inner hair cells transform into electrical impulse and send them to the brain [1] .
As can be seen from the previous, in terms of physical behaviour, the most important processes are movements of elastic structures in the middle and the inner ear and fluid motion inside cochlear chambers. Those two processes should be modeled in order to simulate physical behavior of human hearing system.
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The real material properties of the basilar membrane (BM) are nonlinear and anisotropic. Also, dimensions of the cross-sections of the BM along the cochlea are not constant. It is known from experiments that different sounds produce different responses of the BM. Sounds with low frequency produce resonant peak near the apex and sounds with high frequency near stapes. Distance from base to the peak is proportional to the logarithm of excitation frequency (Error! Reference source not found.) [ In the frequency analysis damping could be included using modal damping [Error! Reference source not found.]. In that case, inside the stiffness matrix there is an imaginary part, so equation (3) could be written in the following form: The fluid-structure interaction with strong coupling was used for solving these equations. Strong coupling means that the solution of solid element in the contact with fluid has impact on the solution of fluid element and vice versa. The coupling was achieved by the equalization of normal fluid pressure gradient with normal acceleration of solid element in the contact, as shown in equation (6) .
For the mechanical model of the cochlea we defined a system of coupled equations:
where R and S are coupling matrices [Error! Reference source not found.].
The solutions for displacement of the basilar membrane and pressure of fluid in the chambers were assumed in the following form: (8), A U and A p represent amplitudes of displacement and pressure, respectively. The circular frequency is ω, t is time, α and β are phase shift factors.
When displacement and pressure solution (8) were substituted in the equation (7) we obtain a system of linear equations that can be solved: 
Finite element model
Finite element model developed for modeling of hearing process is presented in Error! Reference source not found.. The model contains several significant parts: ear drum -simply supported round structure with prescribed sound pressure level (SPL) of 90 dB; three small bones: incus, malleus and stapes, supported by several ligaments whose free ends are fixed; cochlea with outer bony structure, two elastic membranes -oval and round window, two fluid chambers and basilar membrane that separates fluid chambers. The frequency of external excitation is 1 kHz. 
Results
The results obtained by using developed finite element model are presented in In the Error! Reference source not found. the basilar membrane centerline displacement and their upper and lower envelopes are presented at a fixed time t using a simulation frequency of 1 kHz. Response of basilar membrane is normalized by the highest peak in response. Position of the resonant peak is in good agreement with experimental and literature data. 
Conclusion
Presented model was developed in order to simulate physical response of middle ear bones and inner ear fluids and structures. Using this model medical doctors can have virtual view inside physics of hearing process. It can help them in investigations regarding specific hearing problems, because some disorders and physical damages can be included in the model.
